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Abstract 
On the basis of introducing two kinds of basic forecasting methods of grey forecast and the forecast of one element 
linear regression, and in combination with the actual situation of coal mines, this paper predicted the amount of gas 
emission and compared the accuracy of forecast value of the two methods. The results show that, for the data 
conforming to the linear relationship, model GM(1,1) of grey forecast is better than one element linear regression in 
accuracy of forecast value, and this  provides the ways and means for the study and numerical prediction for similar 
problems.  
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0 Introduction 
The safety of the coal industry has been a top priority in the industrial safety, and in coal mine 
accidents, 95% of the accidents were gas incidents. As the coal mining, gas pressure of coal seam was 
from the relatively stable into pressure instability, leading to sudden gas emission increase in the 
moment[1].Therefore, the gas emission as a measure the important parameters of gas accidents, and have a 
major impact to the mine design, construction and mining. The factors affecting gas emission have coal 
layer of gas components, mining depth, mining conditions and ground atmospheric pressure. At the same 
time, gas emission is the primary indicators to determine mine ventilation, so accurate prediction of gas 
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emission have important practical significance to guide the mine design and production safety. To this 
end, the author combined with the actual situation of coal mine, and compared the two kinds of 
forecasting methods based on one element linear regression model with GM(1，1)of grey forecast model, 
through error analysis to identify the most suitable coal mine gas emission prediction models. 
1 Establishment Forecast Model 
1.1 Establishment One Element Linear Regression model 
Studying on the forecast model, the simplest and commonly used are two characteristic parameters 
change and distribution for near-linear relationship of system, for such models, typically using one 
element linear regression method, named least-squares method. That is the data of basic line of the linear 
relationship, using one element linear regression method of least-squares method, regression line with the 
hash to the point of minimum distance in the Y direction to find the regression line for the conditions of 
the coefficients a and b.  
Given n points，(x1,y1),(x2,y2)…,(xn,yn )，supposed the regression line equation[2]， 
，  
y bx a                                                                                                                              （1） 
It can be used to describe the total distance of hash n points to the straight line in the y direction. 
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Then the problems that find a line closest to n points can be transformed into find 
a , b , 
Make two elements function Q(a,b) the minimum when 
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1.2 Establishment Grey Forecast Model 
According to the theory of grey system[3]: Any system exists relevance and influence each other 
between the various factors, showing some known, some unknown state, so we can take the object as a 
gray system, in the study system, through the information of characterization of the system, using 
correlation analysis, grey number generation, gray modeling information processing means to explore the 
internal laws of the system and to predict the future development of the system state. Gray forecast is a 
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practical method of using grey system theory, through the grey model to predict the change of system 
parameters. 
The forecast based on model GM(1,1) called gray forecast, also known as the gray forecast model. 
GM(1,1) is a variable first-order system, each variable corresponds to a series, GM(1,1) carried out in this 
series to generate a cumulative, then the number of columns generated by the model[4].Therefore, GM(1,1) 
model is suitable for university time series model of the gas emission forecasts. 
Using GM (1,1)，the basic steps of grey forecasting model are as follows[5]: 
（1）Accumulated generating raw data. Supposed the original sequence discrete data set: 
 (0) (0) (0) (0)1 2, ,..., Nx x x x                                                                                                    （4） 
Notes：N is the sequence length. 
An accumulation generation of raw data generates the sequence, 
 
 (1) (1) (2) ( )1 2, ,..., nNx x x x                                                                                                   （5） 
Notes：
(1) (0)
1
k
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（k=1，2，…，N）   
(2) The close the mean power of
(1)x was generated as series: Generated weight series: 
 
(1) (1) ( ) , ( 1,2,..... )z z k k n                                                                                                （6） 
Notes： 
(1) (1) (1)
( ) ( 1)( ) 0.5 ,( 2,3,.... )k kz k x x k n          
(3) Establish albino form differential equations, establish albino form first-order one element 
differential equations to Equation(5)about time t. The differential equations was shown： 
 
(1)
(1)dx ax u
dt
 
                                                                                                                   （7） 
Notes：a and u are Parameters to be identified 
(4)Demand solution to albino form of differential equations, supposed parameter vector 
ˆ [ ]Ta au  
Obtained using least squares: 
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Get solution of albino form differential equations： 
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(5)Calculate the predictive value of the original series. Take a regressive reduction of sequence 
prediction value
(1)
1ˆkx  , obtain the predictive value of the original series. 
 
(0) (1) (1)
1 1ˆ ˆ ˆk k kx x x                                                                                                            （10） 
Notes: 
(0)
1ˆkx  is the predictive value of the original series. 
(1)
1ˆkx  is the predictive value of Generating series. 
2 Applications Analysis of Mine gas emission projections  
Gas emission is variation physical factors with the geological conditions，coal occurrence, mining 
technology and time, etc. In a relative period of time, the main gas emission changes with the time. 
Therefore, according to the report of a mine ventilation data, using gray prediction theory and one 
element linear regression model, forecasted recent mining face or mine gas emission and compared 
prediction accuracy of the two models. 
2.1 Gray model forecast 
According to a mine gas emission record  raw data of 1-8 months，established GM (1,1) model，
prediction mine gas emission of September and October used the established model. Specific modeling 
and forecasting process is as follows: 
(1)Accumulated generating raw data. From table1, the original sequence discrete data set: 
 (0) (0) (0) (0)1 2, ,..., Nx x x x = {65.08, 77.97,……, 147.25,143.26} 
An accumulation generation of raw data generates the sequence  
 (1) (1) (2) ( )1 2, ,..., nNx x x x ={65.08，143.05，……, 673.82, 817.08} 
(2)Demand solution to albino form of differential equations， 
Construction data vector and data matrix  
(0) (0) (0)
2 3[ , ,..., ] [77.97,81.89,93.16,92.31,116.16,147.25,143.26]
T T
N Ny x x x  ， 
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(1) 0.1190079
1ˆ 576.643 511.563
K
kx e    
Solution to albino form of differential equations, that the prediction model. 
(1) 0.1190079
1ˆ 576.643 511.563
K
kx e    
（3）Calculate the predictive value of the original series. take a regressive reduction of sequence 
prediction value, obtain the predictive value of the original series 
(0) (1) (1)
1 1ˆ ˆ ˆk k kx x x    
The predictive value of the original data mining and gas emission in September and October and the 
relative error of predicted values were shown in table 2. 
2.2 One element linear regression model analysis 
According to table 1, from Equation (1) to Equation (3), could obtain linear regression model: 
11.853 48.798,( 1,2,..... )y x x n    
Obtained predicted gas emission by the regression equation，was shown in table 2. 
2.3 Comparison of two kinds of prediction model  
The two models' predictive value, the relative error and comparison of the predicted value and actual 
value were shown in Table 2 and Figure 1. 
Table 2 and Figure 1 were shown: The maximum relative error of grey prediction model's predictive 
value is 9.565%, while one element regression model is 17.065%, that means to use of GM (1,1) 
prediction model and get the relative error of gas emission prediction and measured values less than 10%, 
to meet the forecast accuracy, indicating the use of gray modeling method to predict the gas emission in 
mine it is feasible; As the data distribution in examples is close to linear relationship, so whether it is a 
linear regression model or gray GM (1,1) model, the equations obtained can better reflect changes in the 
relationship between the data, and the relative error of predictive value and the actual value is not large.  
 
Table 2 Calculated values of models and the error 
Month 
actual value 
(m3/min) 
Gray model forecast one element linear regression model 
 
Model prediction results 
(m3/min) 
Relative error 
（%） 
Model prediction 
results (m3/min) 
Relative error 
（%） 
1 65.08 65.08 0 60.651 6.805 
2 77.97 72.88 6.528 72.504 7.010 
3 81.89 82.09 0.244 84.357 3.012 
4 93.16 92.46 0.751 96.210 3.273 
5 92.31 101.14 9.565 108.063 17.065 
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6 116.16 117.31 0.990 119.916 3.233 
7 147.25 136.13 7.551 131.769 10.513 
8 143.26 148.83 3.888 143.622 0.252 
9 162.17 
167.638 
（Prediction results） 
5.468 
155.466 
（prediction results） 
6.704 
10 179.35 
188.824 
（prediction results） 
9.474 
167.319 
（prediction results） 
12.031 
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Fig.1.Comparison of model and actual values 
3 Conclusions  
(1) Using two models to predict coal mine gas emission, results show that to the date of the basic linear 
relationship, the prediction accuracy of gray GM (1,1) model is higher than a linear regression model, that 
is due to the albino equation gray which obtained from GM (1,1) model is an expression of exponential 
form, adaptability to changes in the data better.  
(2) Gray predictive modeling is a small data modeling, which for the distribution of discrete data is not 
strictly required, and has the advantages of less modeling data, simple, high prediction accuracy and so on; 
it is a feasible and reliable prediction of gas emission in coal mines.  
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